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© Memory reading device. 

© A memory reading apparatus comprises an output section 
for reading data stored in a memory (5) comprising at least one 
needle (8) having a fine tip portion. Positioning means (3, 11, 25) 
position a tip portion of the needle (8) close to the surface of the 
memory (5). Scanning means (13) scan the tip portion over the 
surface of the memory (5) and distance controlling means (11. 
12) control the distance between the tip portion and the surface 
of the memory whilst the tip portion scans thereover. 
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Q. 
Ui 


1 


EP 0 307 211 A2 


2 


Description 


MEMORY READING APPARATUS 


This invention relates to memory reading appara- 
tus In conventional memory reading devices, a 
magnetic head has been used for reading a memory 5 
composed of magnetically recorded media, such as 
floppy disks, magnetic tapes, and an optical head 
has been used for media such as optical disks, 
opto-magnetic disks, etc. A problem exists with 
such heads in that the memory cannot withstand 10 
long term use due to physical contact of the head 
with the memory. A further problem exists in that 
very large amounts of data cannot be stored in the 
memory unless memory cells are made up of a 

predetermined number of atoms or molecules w 

The present invention seeks to provide a memory 
reading apparatus which enables non-contact read- 
ing on an atomic or molecular scale. 

According to the present invention, there is 
provided a memory reading apparatus characterised 20 
by comprising an output section for reading data 
stored in a memory, said output section comprising 
at least one needle means having a fine tip portion; 
and control means for controlling the output section, 
said control means comprising positioning means 25 
for positioning a tip portion of the needle means 
close to a surface of the memory, means for 
scanning the tip portion over the surface of the 
memory and distance controlling means for controll- 
ing a distance between the tip portion and the 30 
surface of the memory whilst the tip portion scans 

Preferably the distance between the tip portion of 
the needle means and the surface of the memory is 
maintained so as to cause a tunnel effect. » 

The distance controlling means may be operative 
in response to the tunnel effect occurring between 
the tip portion of the needle means and the surface 
of the memory. 

The needle means may be manufactured by 40 
semi-conductor processing techniques. 

The positioning means may comprise an X-Y 
stage, a coarse control section for positioning in an 
X - Y plane, and an optical micro-scope for examin- 
ing the distance between the tip portion of the 45 
needle means and the surface of the memory. The 
distance controlling means may comprise a coarse 
control section and a Z-axis control section. 

The invention is illustrated, merely by way of 
example, in the accompanying drawings, in which : 50 
Figure 1 is a schematic diagram of one 
embodiment of a memory reading apparatus 
according to the present invention; 

Figures 2 to 6 are enlarged schematic 
diagrams illustrating various forms of memory 55 
for the memory reading apparatus of Figure 1 ; 

Figure 7 shows a modification of the memory 
reading apparatus of Figure 1 ; 

Figures 8 to 12 are enlarged schematic 
diagrams illustrating various forms of memory 60 
of the memory reading apparatus of Figure 7; 

Figure 13 shows a further modification of the 
memory reading apparatus of Figure 1 ; and 


Figures 14 to 18 are enlarged schematic 
diagrams illustrating various forms of memory 
for the memory reading apparatus of Figure 1 3. 
Figure 1 illustrates a memory reading apparatus 
according to the present invention^On an anti-ygra,:. 

tion nnrl 1 thrrr I ^ » table 2 to ^ 

^T irm 4 is secured. A neeoleoperating unit 7 is 
attached to the arm 4. By turning a dial 6, the needle 
operating unit 7 is vertically moved for carrying out a 
Z-axis coarse positional adjustment of a probe tip of 
an electrically conductive needle 8 relative to a 
memory 5. For an X-Y surface coarse movement, 
over the memory 5. an X-Y stage 3 and a coarse 
movement control unit 11 are provided. An optical 
micro-scope 25 attached to the arm 4 is used at the 
time when the needle 8 is coarsely positioned 
relative to the memory 5. Operation of the needle 
operating unit 7 over the X - Y surface of the memory 
is carried out by controlling a three dimensional 
piezo-electric device assembled in the unit ? with an 
X- and Y- axis control unit 13. Data stored in the 
memory 5 is read out by a applying, between the 
memory 5 and the needle 8, a predetermined voltage 
ranging from 1 to 100 mV. The coarse movement 
control unit 11. a Z-axis control unit 12 and the X- 
and Y- axis control unit 13 are controlled by a 
computer 14. For example, the computer 14 may be 
arranged to control the coarse movement control 
unit 11 and the Z-axis control unit 12 in response to a 
tunnel effect occurring between a tip portion of the 
needle 8 and the surface of the memory. The tip 
portion of the needle may. instead of being made of 
electrically conductive material, be made of semi- 
SnlcJe materia.. The units •P^^^STZ 
source, the control units and the computer are 
housed in a shielded box 24. 

The stage 3 supporting the memory 5, the coarse 
mJvemen? control unit 11 and the optical micro- 
scope 25 constitute positioning means or Portion- 
ing the tip portion of the needle 8 close to the 
surface of fhe memory 5. Scanning mean or 
'scanning the tip portion of the nee, , e ove the 
surface of the memory consists of the X- and Y axis 
control unit 13. Distance controlling means fo 
controlling the distance between the tip portion of 
the needle and the surface of the memory 5 whilst 
Z Tp portion of the needle scans thereoye s 
constituted by the coarse movement control unit 11 
ano the Z-axis control unit 12. In operator j. me 
needle 8 is scanned in the X-ax«s and Y-ax s 
ofrecLs on the X - Y surface of the memory 5 to 
measure the tunnel current. 

Figure 2 shows the memory 5 consisting o a 
dielectric material, th data stor d therein being 
read out by the electrically conduc ive needle 8^ The 
memory 5 consists of memory cells 15 to 19 wh.cn 
are mad of dielectric material and in which data is 
s ore in the form of polarisation or de-polansa ,on 
of the dielectric material. When the needle is clos ly 
positioned over the surface of the memory 5 a 
datively large current flows in the needle when the 
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dielectric material is polarised (see cells 16,18,19) 
due to the tunnel effect, whereas current flow is less 
in the case of de-polarisation of the dielectric 
material (see cells 15,17). In this manner, the reading 
of data from the memory takes place on an atomic 
scale. 

Figure 3 shows another form of the memory 5 
consisting of an element which is multi-valent, i.e. 
can have two or more different valencies, the data 
stored therein being read out by the electrically 
conductive needle 8. The multi-valent element stores 
data on an atomic scale in the form of a difference in 
numbers of electric charges that a single atom 
possesses. When the needle is closely positioned 
over the surface of the memory 5, a relatively large 
amount of current flows in the needle due to a tunnel 
effect in the case of atoms 27,29,30, each having a 
greater number of electric charges. On the other 
hand, the current flow in the needle is lesser in the 
case of atoms 26,28 each having a lesser number of 
electric charges. The reading of data out of the 
memory thus takes place on an atomic scale. 

The form of memory 5 shown in Figure 4 consists 
of a super lattice, the data being read out by using 
the electrically conductive needle 8. The memo ry 
consists of cells 31 to 35 and stores data on a n 
atomic scale in the form of the configuration of 
different types of elements . When the needle is 
closely positioned over the surface of the memory, a 
tunnel current flows. The size of an electron cloud is 
given by the measurement of the tunnel current. 
Each of the different types of elements has a specific 
size of electron cloud, whereby the reading of data 
out of the memory thus takes place on an atomic 
scale. 

Figure 5 shows the memory 5 in the form of an 
electrically conductive substance, data being stored 
therein and read out by the electrically conductive 
needle 8. The memory 5 stores data on an atomic 
scale in the form of differences in film thickness in a 
direction perpendicular to the memory surface. The 
fi lm thickness differs depending upon position on 
the surfa ce of the memory of one to several atoms of 
a n electrically conductive elemen t. When the needle 
is closely positioned over the surface of the memory 
5, a tunnel current flows. The level of the tunnel 
current is a function of distance between the probe 
tip of the needle and the surface of the memory 5. 
Therefore, the reading of data out of the memory 5 
takes place by measurement of the tunnel current. 

The rnernory 5 as shown in Figure 6 is in the form 
of molecules in which the o r b rtof IbTTepafr s 'exTend s 
in specific d¥ections^ data storedllRereirS being read 
out by the electrically conductive needle 8. Data is 
stored on a molecular scale in the memory 5 wit h two 
types of molec ules 45 to 50 which ha ve the orbits of 
localised Tone pairs in specific directions. The orbits 
of lone pairs of some of the molecules (see 
molecules 46,49,51,52) is outwardly directed and 
others (see molecules 53 to 56) are i nwardly 
oirected. When the needle is closely positioned over 
!ne Surf ace of the memory 5, a relatively large tunnel 
vjrrent flows in th needle when held ciose to the 
•noieculos 46.49 having the orbit of lone pairs 
erected outwardly, because the potential energy 


barrier between the needle and the memory is 
relatively small. On the other hand, a lesser tunnel 
current flows in the needle when held close to the 
molecules 47,48.50 each having the orbit of lone 
5 pairs directed inwardly, because the potential en- 
ergy barrier therebetween is relatively large. In this 
manner, reading of data on a molecular scale takes 
place. 

Another form of the memory 5 (not illustrated) 

10 consists of a polar substance immersed in a polar 
solvent and data stored therein is read out by the 
electrically conductive needle 8. Data is stored on a 
molecular scale in the memory 5 with two types of 
polar substance, one of which is ionized and the 

15 other of which is not ionized. When the needle is 
closely positioned over such a memory, there is a 
difference in level of tunnel current depending upon 
whether or not the polar substance is ionized. In this 
manner, the reading of the data out of the memory 

20 takes place on a molecular scale. . , : 

Figure 7 shows a modification of the memory ... 
reading apparatus of Figure 1, where the sing le 
needle 8 is replaced by a plurality" of electrically 
conductive needles 90. The probe tips of the needle s 

25 90 are used to read the mem ory 5. 

Figure 8 shows the memory 5 consisting of a 
dielectric material, the data stored therein being 
read out by the electrically conductive needles 90. 
The memory 5 consists of memory cells 115 to 119 

30 which are made of dielectric material, and in which 
data is stored in the form of polarisation or 
de-polarisation of the dielectric material. When the 
needles are closely positioned over the surface of 
the memory 5, a relatively large current flows in th 

35 needles 183,181 which are held close to the 
polarised dielectric material (see cells 115, 117) du 
to the tunnel effect, whereas current flow is less in 
needles 182, 180 which are held close to the 
de-polarised dielectric material (see cells 116, 118). 

40 In this manner, the reading of data from the memory 
takes place on an atomic scale. 

Figure 9 shows another form of the memory 5 
consisting of an element which is multi-valent, i.e. 
can have two or more different valencies, the data 

45 stored therein being read out by the electrically 
conductive needles 90. The multi-valent element 
stores data on an atomic scale in the form of a 
difference in numbers of electric charges that a 
single atom possesses. When the needles are 

50 closely positioned over the surface of the memory 5. 
a relatively large tunnel current flows in the needles 
183, 181 held close to atoms 126, 128, each having a 
greater number of electric charges. On the other 
hand, a lesser tunnel current flows in the needles 

55 182, 180 held close to atoms 127, 129 which hav a 
lesser number of electric charges. The reading of 
data out of the memory thus takes place on an 
atomic scale. 
The form of memory shown in Figure 10 consists 

60 of a super lattice, the data being read out by using 
the electrically conductive needles 90. The memory 
consists of relatively large sized atoms 131. 133 a nd 
relatively small sized at o ms 132, 134 w hicji.carLbe 
djscrimi nate d by the tunn el _current_flowj_ ng in th e 

65 needles 90. The reading of data out of the memory 
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thus takes place on an atomic scale. 

Fi nnre 11 shows the m morv 5 in the form of a n 
Pi Sctricallv conductSye substance, data being stored 
fherein and read out by the electrically conductive 
needles 90. Thejramoix5stores dataon^anj^mic, 
e r-aiP in the form of diffe rent in film thickness in a 
d irection perpendic ular to th e memory surf acg. The 
fjj^ thif^nessj jiffers depending upon position on 
th Tsurface of the memory of one to se veral atoms of . 
an electrically conductive element. When the need- 
ies are closely positioned over the surface of the 
memory 5, a relatively large tunnel current flows in 
needles 181. 183 which are held close to portions 
where the film thickness is larger, whereas a smaller 
tunnel current flows in needles 180, 182 which are 
held close to portions where the film thickness is 
relatively small. Therefore, the reading of data from 
the memory 5 takes place on an atomic scale. 

The memory 5 as shown in Figure 12 is in the form 
of molecules in which the orbit of lone pairs extends 
in specific directions, data stored therein being read 
out by the electrically conductive needles 90. Data is 
stored on a molecular scale in the memory 5 with two 
types of molecules which have the orbits of localised 
lone pairs in specific directions. The orbit of lone 
pairs of some of the molecules is outwardly directed 
and others are inwardly directed. When the needles 
are closely positioned over the surface of the 
memory 5. a relatively large tunnel current flows in 
the needles 183, 181 when held close to molecules 
136 138 having the orbit of lone pairs directed 
outwardly, because the potential energy barrier 
between the needles and the memory is relatively 
small On the other hand, a relatively small tunnel 
current flows in the needles 189. 187 when held 
close to molecules 137, 139 each having the orbit of 
lone pairs directed inwardly, because the potential 
• energy barrier therebetween is relatively large. In 
this manner, reading of data on a molecular scale 
takes place. 

Another form of memory 5 (not illustrated) 
consists of a polar substance immersed in a polar 
solvent and data stored therein is read out by the 
electrically conductive needles 90. Data is stored on 
a molecular scale in the memory 5 with two types of 
polar substance, one of which is ionized and the 
other of which is not ionized. When the needles are 
closely positioned over such a memory,. there is a 
difference in level of tunnel current depending upon 
whether or not the polar substance is ionized. In this 
manner, the reading of data out of the memory takes 
place on a molecular scale. 

Figure 13 shows another modification of the 
memory reading apparatus of Figure 1, where the 
needle 8 is replaced by «" electrically conductive 
needle device 91 having minute needle tips. The 
needle device 91 consists of alternate conductive 
portions and insulating portions arranged on a 
semi-conductor substrate, and an electrically con- 
ductive nee dle ti p made of one t o several atoms 
attached to t he conducti ve portion. This needle 
device can be produced by minutely shaping an 
electrically conductive layer grown on a semi-con- 
ductor substrate by an etching process. 

Figure 14 shows the memory 5 consisting of a 
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dielectric material, the data stored therein being 
read out by the electrically conductive needle tips of 
the needle device 91. The memory consists of a 
dielectric material, in which data is stored in the form 
of polarisation or de-polarisation of the dielectric 
material. When the needle tips are closely positioned 
over one of the dielectric molecules on the surface 
of the memory 5, a relatively large current flows in 
the needle tips 283, 281 when the dielectric material 
is polarised (see molecules 215, 217) due to the 
tunnel effect, whereas current flow is less in the case 
of the needle tips 282, 280 which are held close to 
the de-polarised dielectric material (see molecules 
216, 218). In this manner, the reading of data from 
the memory takes place on an atomic scale. In 
Figure 14 reference numerals 290, 291 indicate an 
insulating portion and a conductive portion of the 
needle device 91. 

Figure 15 shows another form of the memory 5 
consisting of an element which is multi-valent, i.e. 
can have two or more different valencies,, the data 
stored therein being read out by the electrically 
conductive needle device 91. The multi-valent ele- 
ment stores data on an atomic scale in the form of a 
difference in numbers of electric charges that a 
single atom possesses. When the needle tips are 
closely positioned over the surface of the memory 5, 
a relatively large current flows, due to the tunnel 
effect, in needle tips 238, 281 which are close to 
atoms 226, 228, each having a greater number of 
electric charges. On the other hand, the current flow 
in the needle tips 282, 280 is less in the case of 
atoms 227, 229 each having a lesser number of 
electric charges. The reading of data out of the 
memory thus takes place on an atomic scale. 

The form of memory 5 shown in Figure 16 consists 
of a super lattice, the data being read out by using 
the electrically conductive needle device 91. The 
memory stores data on an atomic scale in the form of 
the configuration of different types of elements. 
When the needle tips 280 to 283 are closely 
positioned over the surface of the memory, relatively 
large size atoms 231. 233 and relatively small size 
atoms 232, 234 can be discriminated from each 
other due to the tunnel effect. Thus the reading of 
data out of the memory can take place on an atomic 
scale 

Figure 17 shows the memory 5 in the form of an 
electrically conductive substance, data being storea 
therein and read out by the electrically conductive 
needle device 91. The memory. 5. stores data on an 
atomic c a i» m the form of differences in Mm 
thickness in a direction perpendicular to the memory 

position on the' surface oMhe memory of one to 
se^iVaiatoms_of aIL e!e^ic^c^uctiv|.elemenr 
w - h ^rT-n C prii P ti p is closely positjg ned_over.,thg. 
lUFflcilOhejTiimo^b, ajete^arg^tiinne^ 
■^.-^ ^^n-TR^dle tips 281. 263. wh.ch are 
close to portions where_Jh^Jj!m_t^ 
relatively large." wheTeas a relatively small tunnel 
cTJ?F ent flows i n the needle tips 280. 282 which are 
close to portions where the film thickness is 
relatively small. Therefore, th reading of data out of 
65 the memory 5 takes place by measurement of the 
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tunnel current. 

The memory 5 as shown in Figure 18 is in the form 
of molecules in which the orbit of lone pairs extends 
in specific directions, data stored therein being read 
out by the electrically conductive needle device 91. 
Data is st ored on am lecular scale in the memory 5 
"with two types of molecules which have the orbits of 
localised lone pairs in specific directions. The orbit 
of lone pairs of some of the molecules (see 
molecules 237, 239, 241) is outwardly directed and 
others (see molecules 236, 238) are inwardly 
directed. When the needle tips 283, 281 are closely 
positioned over the surface of the memory 5 close to 
the molecules 236, 238, a relatively large tunnel 
current flows because the potential energy barrier 
between the needle tips and the molecules 236, 238 
is relatively small. On the other hand, a lesser tunnel 
current flows in the needle tips 282, 280 when held 
close to the molecules 237, 239, each having the 
orbit of lone pairs directed inwardly, because the 
potential energy barrier therebetween is relatively 
large. In this manner, reading of data on a molecular 
scale takes place. 

Another form of the memory 5 (not illustrated) 
consists of a polar substance immersed in a polar 
solvent and data stored therein is read out by the 
electrically conductive needle device 91. Data is 
stored on a molecular scale in the memory 5 with tw o 
t ypes of polar substance, one of which is ionized and 
the other of which is not ionized. When the needle 
"tips are closely positioned over such a memory, 
there is a difference in the level of tunnel current 
depending upon whether or not the polar substance 
is ionized. In this manner, the reading of data out of 
the memory takes place on a molecular scale. 


Claims 


reading apparatus! charac- 


1. A memory 

terised by composing an output section for 
reading data stored in a memory (5), said output 
section comprising at least one needle means 
(8,90,91) having a fine tip portion; and control 
means for controlling the output section, said 
control means comprising positioning means 
(3,11,25) for positioning a tip portion of the 
needle means close to a surface of the memory 
(5), means (13) for scanning the tip portion over 
the surface of the memory (5) and distance 
controlling means (11,12) for controlling a 
distance between the tip portion and the 
surface of the memory whilst the tip portion 
scans thereover. 

2. A memory reading apparatus as claimed in 
claim 1, characterised in that the distance 
between the tip portion of the needle means 
(8,90,91) and the surface of the memory (5) is 
maintained so as'to cause a tunnel effe ct. 

3. A memory reading apparatus as claimed in 
claim 2, characterised in that ths distance 
controlling means (11,12) is operative in re- 
sponse to the tunnel effect occurring between 
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the tip portion of the needle means (8,90,91) 
and the surface of the memory (5). 

4. A memory reading apparatus as claimed in 
any prec ding claim characterised in that the 
needle means (91) is manufactured by semi- 
conductor processing techniques. 

5. A memory reading apparatus as claimed in 
any preceding claim characterised in that a 
dielectric material is used as the memory (5). 

6. A memory reading apparatus as claimed in 
any of claims 1 to 4 characterised in that a 
multi-valent element is used as the memory (5). 

7. A memory reading apparatus as claimed in 
any of claims 1 to 4 characterised in that a super 
lattice in which elements of different kinds are 
configured is used as the memory (5). 

8. A memory reading apparatus as claimed in 
any of claims 1 to 4 characterised in that a film 
whose thickness differs depending upon pos i- 
tion is used as the memor y (5) . 

9. A memory reading apparatus as claimed in 
any of claims 1 to 4 characterised in that 
molecules whose orbit of lone pairs extends i n 
s pecific directions is used as the memory (5). 

10. A memory reading apparatus as claimed in 
any of claims 1 to 4 characterised in that a polar 
compound which is immers ed in a polar so lvent 
is used as the memory (5). ~ 

11. A memory reading apparatus as claimed in 
any preceding claim characterised in that the 
positioning means comprises an X - Y stage (3). 
a coarse control section (11) for positioning in 
an X - Y plane, and an optical micro-scope (25) 
for examining the distance between the tip 
portion of the needle means and the surface of 
the memory (5). 

12. A memory reading apparatus as claim d in 
any preceding claim characterised in that the 
distance controlling means comprises a coarse 
control section (11) and a Z-axis control section 
(12). 
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© A memory reading apparatus comprises an out- 
put section for reading data stored in a memory (5) 
comprising at least one needle (8) having a fine tip 
portion. Positioning means (3, 11. 25) position a tip 
portion of the needle (8) close to the surface of the 
memory (5). Scanning means (13) scan the tip por- 
tion over the surface of the memory (5) and distance 
controlling means (11, 12) control the distance be- 
tween the tip portion and the surface of the memory 
whilst the tip portion scans thereover. 
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